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Palytoxin (PTX, C1291-12231\13054, MW 2677) isolated from Zoanthid, Palythoa tuberculosa, is known to be the most potent animal toxin (1), and its toxicity is due to action on the cardiovascular system (2-4). The chemical structure of PTX is characterized as a polyalcohol consisting of a very long, partially unsaturated aliphatic chain inter spaced with five sugar moieties, which starts with an OH group and ends with an NH2 group (5, 6). PTX at an extremely low con centration increased the Ca 21 permeability of cell membranes and induced a contraction in skeletal muscle (3), heart muscle (3, 7, 8) and intestinal and vascular smooth muscles (9 12) . Electrophysiological studies showed that PTX, at the concentration that produces muscle contraction, depolarized the cell mem branes of skeletal muscle (3), heart muscle (8), intestinal and vascular smooth muscles (9) and nerve tissue (13) . PTX also caused K+ efflux from the erythrocytes of man, sheep, dog, rat and rabbit (14) (15) (16) (17) . Since PTX de creased tissue K+ content in intestinal and vascular smooth muscle (11, 12) , it is pos sible that PTX increases K+ efflux in these tissues, and the K+ efflux and the decrease in tissue K+ content by PTX were inhibited by ouabain (12, 15, 18, 19) . However, mecha nisms of the PTX-induced K+ efflux are not got clear.
In guinea-pig ileal longitudinal smooth muscle, carbachol (CCh) also produced an increase in K+ efflux, membrane depolariza tion and a contraction (20) . In this experi ment, we compared the properties of K+ efflux induced by PTX and CCh in guinea-pig ileal longitudinal smooth muscle. K+ efflux was continuously monitored with a K+ selective electrode. Results suggest that the PTX-induced K+ efflux is less dependent on Ca2+ influx than that due to CCh.
Materials and Methods

Preparations:
Guinea-pigs (300-400 g, male) were sacrificed by a blow on the neck. After exsanguination, the abdomen was opened, and the lower part of the ileum (10 15 cm long) was removed. The ileal longi tudinal muscle preparation, about 4 cm long and weighing 40-50 mg, was prepared as described by Paton and Aboo Zar (21 ) .
Solution: Physiological salt solution (PSS) has the following composition (mM): NaCI, 136.8; KCI, 5.4; CaCl2, 2.5; MgC12, 1.0; HEPES, 11.9 and glucose, 5.5; and pH was adjusted to 7.2 by 1 N NaOH. KCI was omitted from PSS when K+ efflux was measured. Cat+-deficient solution was prepared by simply omitting CaCl2 from the PSS. Measurement of K+ efflux: The PSS (15 ml) in a 30 ml volume-organ bath was aerated with 100% 02 at 37'C. The solution was usually stirred by a stirrer. After the pre incubation for 60 min in the PSS, the mus cle was transferred to K+-deficient solution, and changes in external K+ concentration were measured by a K+-selective electrode (Philips IS561 K) and ion meter (Beckman Serection 500). The maximum release of K+ was measured after adding saponin (10 fig/ ml) for 30 min. PTX or CCh was applied to the medium either at the start of the K+-free wash (Fig. 1A) or 20 min or 25 min after beginning the wash (Fig. 1B) . Residual K+ contents in the muscle were calculated by subtracting K+ concentrations in the medium (measured every two minutes) from the total K+ concentration released by saponin. The total K+ content was taken as 100%, and the results of the experiments are shown by either relative K+ content (%) or rate of K+ eff I ux.
Drugs: PTX isolated from Pa/ythoa tubercu/osa was kindly donated by Dr. Hirata (Meijo University, Nagoya). The toxin was dissolved in distilled water containing 0.1% bovine albumin and 10 mM HEPES at pH 7.4 to prepare a 10-4 M stock solution, which was kept frozen at -20'C. Other drugs used were CCh (Sigma), atropine (Sigma), vera pamil (Eisai), TEA (Sigma), cymarin (Sigma), ouabain (Merck), digitoxin (Aldrich) and saponin (ICN). Results PTX or CCh-induced K' efflux: In guinea pig ilea) longitudinal smooth muscle, tissue K' was gradually lost in a K'-free solution with a half time (T1/2) of 27.9 min. PTX (10-11 M-10-8 M) or CCh (10-7 M-10-4 M) increased the K' efflux in a concentration dependent manner. The EC50 values of PTX or CCh-induced K+ efflux was 1.8x10-10 M or 4.1 X10-7 M, respectively. The T1/2 of the K' efflux due to PTX (10-9 M) or CCh (10-6 M) was 14.7 min or 16.2 min, respectively (Fig. 1A) .
Effect of atropine: Atropine (10-6 M) was applied 1 5 min after transferring the muscle to K+-free solution, and PTX (3x`10-9 M) or CCh (10-6 M) was applied 10 min after the application of atropine (Fig. 1B) . Atropine affected neither the resting K+ efflux nor the PTX (3x10-9 M)-induced K' efflux. However, the CCh-induced K' efflux was completely inhibited by atropine (Fig. 2) .
Effects of Ca2'o removal and verapamil: The PTX-induced K' efflux was not inhibited by Ca2'o removal, whereas the CCh-induced K' efflux was inhibited by 77% (Fig. 3) . Al though the PTX-induced K' efflux was not inhibited by verapamil, an organic Cat' antagonist, K' efflux induced by CCh (10-5 M) was inhibited by 71 % (Fig. 4) .
Effect of Ca2'; depletion: A Ca2'1 depleted muscle was made by the one min-application of CCh (10-5M) twice in a 40 min incubation period, in a Cat+o-free solution containing 5.4 mM KCI. Muscle was then transffered to a Ca 21,, and K+-free solution with or without PTX. Cat+1 depletion inhibited the PTX (3x10-9 M)-induced K+ efflux by 31% (Fig.  5) . Effect of TEA: Pretreatment with 15 mM TEA, a specific K} channel blocker (16), in hibited the PTX or CCh-induced K+ efflux by 65% or 75%, respectively (Fig. 6) .
Effects of cardiac glycosides: The rate of K+ efflux induced by PTX was markedly de creased by cardiac glycosides, cymarin, ouabain and digitoxin. The threshold con centrations of cymarin, ouabain and digitoxin were about 3 x 10-8 M, 10-5 M and 10-5 M, respectively (Fig. 7) . In contrast to this, the CCh-induced K+ efflux was not inhibited by cymarin at the concentration (10-6 M) that completely inhibited the PTX-induced K+ effl ux. Verapamil (10-5 M) had no effect on the basal K+ efflux from the muscle. tissue may be slower than in erythrocytes.
Atropine did not affect the PTX-induced K+ efflux in the ileal muscle, suggesting that the effect of PTX is not mediated by endoge nous acetylcholine.
However, since PTX has been shown to increase the metabolites of arachidonic acid (22, 23) , the present results do not exclude the possibility that the effect of PTX is mediated by an endogenous substance.
The PTX-induced K+ efflux was inhibited partially by Cat', removal in rabbit ery throcytes (24) . However, the effect of PTX in the ileal muscle of guinea-pig was not affected by Ca 2'. removal and verapamil (10-5 M). Since high concentration of CCh releases Cat+i in guinea-pig taenia coli (25), we attempted to deplete Cat+i in the muscle preparation by two applications of CCh (10-5 M) in Cat',,-free solution.
In this Cat+i depleted muscle, the PTX-induced K+ efflux was partially inhibited, supporting the pos sibility that PTX releases Cat+i to increase the K+ efflux. As TEA, a specific K+ channel blocker, markedly inhibited the PTX-induced K+ efflux, the larger portion of the K+ efflux may be a function of the K+ channel. However, the PTX-induced K+ efflux in rabbit eryth rocytes was not affected by TEA (10 mM) (17).
CCh induces contraction and increases in K+ efflux in the guinea-pig ileal longitudinal muscle (20) . As the CCh-induced K+ efflux was markedly inhibited by atropine (10-6 M), Cat+o removal and verapamil (10-5 M), the CCh-induced K+ efflux seems to be due to receptor-linked Cat+ influx. Furthermore, the CCh-induced K+ efflux was inhibited by a K+ channel blocker, TEA (15 mM). It has been reported that acetylcholine opens the Cat+i activated K+ channel in rabbit jejunum (26) , and that there were at least two K+ currents (Cat+(,-dependent K+ current and delayed K+ current) in rabbit intestinal smooth muscle cells (27) . From these and our results, the K+ efflux due to CCh in guinea-pig ileum may be produced by Cat',,-activated K+ channels. The K+ efflux due to PTX was markedly decreased by ouabain in rabbit aorta (19) and erythrocytes (15) . Other monoglycosides such as cymarin or convallatoxin showed 10 to 15 times more potent inhibitory effects than ouabain, and triglycosides such as digoxin and digitoxin were about 40 times less potent than ouabain in rabbit erythrocytes (16). In the ileal muscle, the PTX-induced K+ efflux was also inhibited by cardiac glycosides (cymarin, ouabain and digitoxin). The order of the inhibitory effects was cymarin>ouabain =digitoxin in the ilea) muscle . The reason why digitoxin showed similar potency as ouabain in the ileal muscle was not clarified. These results support the previous suggestion that the binding site of PTX is the Na+,K+-ATPase (17).
In summary, the K+ efflux due to PTX was Cat+o-insensitive, TEA-sensitive and partly dependent on Ca 2% whereas the K+ efflux due to CCh was Ca t+o and TEA-sensitive in guinea-pig ileal longitudinal smooth muscle. 
